5 & The*invention relates to a vehicle conprising - an internal
conbustion engi ne; - a generator adapted to be driven by the internal
conbusti on engine; - at | east one drive electronotor; and 10 - a
rotational energy storage f or covering peak re- quirenents. A vehicle of
this™ type is known from Docunment DE-A-24 36 546. In the known
vehicle, the internal 15 conbustion engine is nmechanically coupled to
the drive electronotor and to the rotational energy storage; the rotational
energy storage and the generator are also nmechanically coupled. Energy is
supplied to or with- drawn fromthe rotational energy storage solely in the
20 form of nechanical rotational energy. In conparison therewith, the
vehi cl e according to the invention is characterized in a) that the

rotati odal enEhgyisventieni setabesrtotadv@hicle compsi€inghat its speed can

be increased by sggp%x;&}PgPegbhbﬁgkigge%géi%gd decreased by w thdrawal of
a‘ ~

el ectrical energy; b he rotational e€nerdgy storage is electrically
connected to The get@ngr@tomhdaeted teade clrivdm by the dnternal

el ectromotor; andcbibastibat ehfend;i ve el ectromotor and/or the rotational
energy storage ea [ - ,a stator provided with current conductors

e each qompLi ses: _
and a rotor provi8&d ﬁggﬁ pEendrdNe RegrEromoterd and. 2. stator and said
rotor Hei ng dispoaedotiationadapntiriyanstordys ebek \e8ver fhig! gagk eee sensor
provi ded on the_shﬁgggmgggsgetecting the relative position of stator and
U | |
A vehicle of this type is known from Document
DE-A~-24 36 546. In the known vehicle, the internal
15 -combustion engine is mechanically coupled-to the drive
' electromotor and to the rotational energy storage; the
rotational ehefgy storage and the generator are also
mechanically coupled. Energy is. supplied to or with-
&J, . drawn from the rotational energy storage solely in the
20 - form of mechanical rotational energy.

- In comparison therewith, the vehicle according ﬁo the
U invention is characterized in
a) that the rotational energy storage is constructed
25 such that its speed can be increased by supply of
electrical energy and decreased by withdrawal of
electrical enérgy;
b) that the rotational energy storage is electrically
connected to the generator and the at least one
30 ' drive electromotor; and in
c) that the drive electromotor and/or the rotational
energy storage each comprises:
- a stator provided with current conductors and
a rotor provided with permanent magnets, said



5 ot rotor, - an electronic switching neans which is con- trolled
by the sensor and which in a drive- effective or generator-effective
relative po- sition of stator and rotor establishes an 10

el ectrical connection between the current con- ductors and a current source
or current sink, respectively. Electronpotors having the features |isted
her ei nbefore 15 under itemc) are known per se (e.g. DE-A-16 13 758).
For the sake of brevity, the term"drive2-will be used in the fol | ow ng

instead of "drive ele A oL . | . I €2 S)M i S
controll ed by the seng{saor gu%lc}(rirat?s?’clgl @@%’Ee?%%‘ e (gﬁ%%%élgﬁ 3’%&53% ate
re- lative positionsgag digtange therehehwsen, current is supplied to the

conductors or withdraw fyoqad r&x&%néisacw&mﬁw SPNNEt ESLbP ARGt cases
are provided- in 25 the form of. coi If?and w ndi,ngs. The terns "stator"

and "rotor" as used ardFYRATINE tRegEalablveaRoBRLLoOPhOLsiShATOMeRYsari |y
Is the ga- tionary parétef, the drive or generator and the rotor 30

necessarily the noving par drJ_ys ..gengra- _t . Rat her, th
possibilities are fea%rgl g,a‘el‘ozftg%’n%viér%&ﬁq%tﬁ @mesﬁs_ng'?l-]rﬁf)isi ﬁ% r%&gr and
non- novi ng stator withtrmlled) byt dhe ssrhswenande wioigsh biihi tay dhivebot h

stator -and rotor nove ] e 5 Elhails se~.of the
é%féﬁgif%_8¥e§?§§?§to§ ef feBRWRY rel%ﬁ%ﬁgggg

non- nmovi ng stator is pre-, si.nce current mnust plied
tkepeto and withdrawn $Hek@ r O EEa%0%t | 3BAy. TAtEEY cPEEARALSBESt han

inventigm is characterézeseridab coniditidhodtaidd®neé &heréft Otont0 Which
Lbe sensor is responsiye |5 Shhgal! Sulhbhe’ S2BEE 6k \AEPSHIOERK,

respectively.

Electromotors having the features listed hereinbefore
15 -undér item c).are known per se (e.g. DE-A-J_.é 13 758).

, For the sake of brevity, the term "drive" will be used
. 'in the following instead of "drive electromotor".

20 The electronic switching means controlled by the sen-
. $or automatically takes care that, in appropriate re-
K,) lative positions of stator and rotor, current is
supplied to the conductors or withdrawn from the con-
ductors. The conductors in most cases are provided in
25 the form of coils and windings.

The terms "stator" and "rotor" as used are not in-
tended to mean that the stator necessarily is the sta-
tionary part of the drive or generator and the rotor
30 necessarily the moving part of the drive or genera-
tor. Rather, both possibilities are feasible, i.e.
moving stator with non-moving rotor and non-moving
.stator with moving rotor, and even the possibility
that both stator and rotor move at different speeds.
35 However, the case of the non-moving stator is pre-



magnets or the sensor is slidable with respect to the stator in the
direction of relative movenent of stator and rotor. This provi des a sinple
possibility of nodi- 10 fying the normal drive or generator function,
for exanple to change the speed of the drive, to switch off the drive or
generator, to switch over fromdrive function to generator function and
vice versa, or to reverse the direction of the drive or the current di- 15
rection of the current supplied fron1the3generator, respectively.

Preferably, a NS ed that respon ive to fthe p nt nagnets
provi ded anywa eII' ({er%%%fe Rty Ere'i offe %'fp?%l %&ﬁé'ﬁt% 8

provi ded speciwithditawr dthergfrom, posspedmipakyi cul ar in the case nentloned
first, this leads to a drive or generator of sinple construction.

Partlcularly preferred types of sensors are Hall probes, reed contacts,
phot ocel I's, uld r 4e¥riloppent eEnddis, igyentien sisseharackerdmesh dansors

or per- seabl | tHat Sﬁﬂéopértiﬂnt be %thQ'o%(HiO“H&GMHiCbH h@hé ny&ﬂébfnlsa Speed
re- duction is alread) duced

the current cdntiRIY} Ve' aﬁﬁ ﬁiﬁaﬁa@? lfcetsipc?r?rE t%l?}é%dQeFﬁ?rﬁﬁBﬁt by
t he supply framgmﬁgsemn the sedsoransesﬁlddhianwrﬁhnrespéhmtﬁmsthébmeven

speed and/ or té‘éaﬁ:%r 2 5% 'B{@f&{?%étyl&ﬁ nHE ePefé@ﬂ?é Oﬂéyeﬁ&h{ y°¥ Rtatord The

el ectronic sw tching neans nmay conFrolllng
t ke jel ectri calangbigtdup pFh &g P@Yh@e%u@rémpbenngaﬁbbslbtwa hm'pdm/n t her e-

from sapd povefiddnte PBRG1DCaPEVE" S6LT Jneratdr £lnkidow,dt fogont rol
dipcuit, a phase caontrol circuit,
example to change 'the speed of the drive, to switch
pff the drive or generator, to switch over from drive
function to generator function and vice versa, or to
reverse the direction of the drive or the current di-
15 rection of the current supplied from the generator;

respectively.

Preferably, a sensor is used that is responsive to the
permanent magnets provided anyway in terms of func-
20 ~tion, or to pefmanent inagnets provided specifically
| for this purpose. In particular in the case mentioned
U/ first, this leads to a drive or generator of simple
construction. Particularly preferred types of sensors
are Hall probes, reed contacts, photocells, ultrasonic
25 sensors, gas flow-sensors; induction sensors or per-
meability sensors. |

In the drive according to the invention, a speed re-
duction is already immanent by the counter e.m.f. in-

30 duced in the current conductors, and a thrust re-
duction is already immanent by the supply frequency
and the inductance of the current conductors. However,
speed and/or thrust are preferably limited electroni-
cally.

35



an internediate clock circuit or a direct converter circuit. Preferred
control'l abl € seni conductor switches are thyristors, in particular such
thyristors that can be switched both on and off via the gate el ectrode 10
with little control power, as well as triacs. Because of nunerous
advant{ages it is particularly pre- ferred to divide the stator into several
sections each having a swi tching neans associated therewith. Pre- 15
ferably, at |east one sensor is provided4-or each sta- tor section. Since

the particul ar_,sw tchi neans_has,to nana e smaller urrents. or wers for
each section, ?ltel‘éiﬁsgg%f‘% tggl%gkéngonﬁ sWYcﬁaP% Redh? %’? Fgg

power, wher ebytltd!ib pmeanst héogof chadredddangquithe Zmlectnmaherpbwrbeyond
proportion. \a%ﬁflé&ceana@éeéumﬁtr ESHRLLOO 8" o N1 EARRA £HBRAA! ture

for the switchi neans, an I ncrease in e redundancy or re- lity,
since the failfremof saidl vibower seentsal \Meansotbeinshi pPreferaldyal p

functions as vghlsé@swadaeh contrasnl iclirealitQn 0fprde NBoRtLORNBEXrBUiL,
repl acenent of COHE@I’ ati ve | ne &5{;9 ve indivi dual edsvm tchin

Finally, one r¥Ac GLFGRAE R { By Tafile, CEPNEE "eRe
counter e.mf. cpnn:uSECtPnefeenadneohbmhhaiblsensemdxaendantbhuswrltnhes in the

D Gl ass P @ cnbPidPOPe Y 1 6hcLEoafRnLASROURLE K BET cRbe] Ba! 21100,

expendl ture.a ernk endrture rans Not " VDE"
Ger man abe edwittiched opolls on "an;d baﬁd Vet $bgergat® crilestsodsi ker ",

rream ng 10l N Engitshitens! é&h@f‘ol aﬁé@&f ationy&f1 Ges Mepigect ri cal
ngi neers. -5 - Thus, seen all in all, it is nuch nore advantageous to

use, instead of one si ngI e or only few sections each with a sw tching
means, an i ncreésfissusbenuféreas-advantages it is particularly pre-~

ferred to divide the stator into several sections each

having a switching means associated therewith. Pre-

15 = ferably, at least one sensor is provided for each sta-

tor section. Since the particular switching means has

to manage smaller currents or powers for each section,

— it is possible to make do with switching means of

lower power, wheréby the price thereof decreases quite

20 considerably beyond proportion. This is accompanied by

a reduction of the cooling expenditure for the

k/ switching means, an increase in the redundancy or re-

liability, since the failure of individual sections

will not impair the overall function, as well as a

25 simplification of - the maintenance by replacement of

comparatively inexpeﬁsive individual switching means.

Finally, one reaches as a whole also a lower voltage

range, since the counter e.m.f. per section remains

low and since one can thus remain in the *VDE class up

30 to 1000 V which is advantageous in terms of insulation
expenditure and thus in terms of cost expenditure..

Translator's Note: "VDE" is a German abbreviation for

35 "Werband Deutscher Elektrotechniker"®, meaning in

. English translation: association of German electrical
engineers.



tions and switching neans and to provide therefor a 5 | ar ger nunber of
swi tchi ng neans whi ch, however, have a |ower individual swi tching power. In
the | ower boun- dary case, a stator section consists of one single current

conductor pair or one single coil, respec- tively. 10 It may be provided
that the current conductor wiring can be altered fromseries connection to
paral l el con- nection and vice versa. 15 A particularly preferred

enbodi ment of the drive or generator accdrdi ng to the invention is
characterized h t e piteh, Ykl ﬁgﬁg; -to-,centre
spaci ng of a E‘é‘?‘ré'o?éea Jgdcfeirjltﬁ?)e#ria’n.e{nl% %g@ net%i‘sgre%n% e .s(%%?%g %‘gl e
pitch, nmeasur @eas trgtead 96 one GWGke eoxpadllyig few sentians perehpair
cooperating Wity hg REATRIBMNg "REARE, PAN inbrdisdd " AufbeR BHINSacli C
circuit, are different, and in that the stator pol e pairs_can be sw tched
i ndi vi dual 'y Fians g?Bﬁp§“Hé’sﬁlﬂg‘9co‘P‘F§§§oﬁ&Pngt9 uREPY ¢RI therafiar a
poa it ogs 25 hlarrg@ratﬁmaoép per Eﬁﬁeﬁhiﬁqgli’ﬁ‘an{&aiWIﬂcrﬁaflﬁ)vﬁé\ﬂéi{c Ngavé |
achieved in this manner..singe ere i.n.no relativ sitjon of stator an
fotor i n whi off oNah deia et Fife bl mudt s v e ol vl adeis s
bei ng swi t chedlamy ©aset o0 & hetditbirereect pon e consdbts off spae 39ingleor and
rotor, indiviq.Hﬁ:l i t gl Rof r 8RL oLS :hor Q ggdividual
stator poles or, éﬁez%lﬂor ggﬁg‘?‘&i sroa%ﬁ]gve%(f V\ﬁen rive- e%?é'gt'iv{é %?
ggnerator- ef fidte ¥ rel ati ve positions are present at several |ocations of
the staygr across the length of the ro- 35 tor, these locations nay be
S tched STmISANEOUSkE provitied EhSEARhY: Sk Undis: e Bhg” 4o
can be altered from series connectio_n to parallel con-

nection and vice versa.

15 A partidularly_ preferred embodiment of the drive or
generator according to the invention is characterized
in that the rotor pole pitch, measured as centre-to-

(% ‘centre spacing of a pair of adjacent permanent mag-
_ nets, and the stator pole pitch, measured as centre-
- 20 - to-centre spacing of a stator pole pair cooperating
__ with the permanent magnet pair in the form of a magne-
K} tic circuit, are different, and in that the stator

pole pairs can be switched individually or in groups
having corresponding functional relative positions
25 relative to permanent magnet pairs. Safe starting is
achieved in this manner, since there in no relative
position of stator and rotor in which no thrust is
produced despite of the current conductors being
switched on. Due to the different pole pitches of sta-
30 tor and rotor, individual switching on of the current
conductors for the individual stator poles or stator
‘pairs is achieved. When drive-effective or generator-
effective relative positions are present at several
locations of the stator across the length of the ro-
35 tor, these locations may be switched simultaneously.



direction of relative novenent of stator and rotor at such a distance that,
upon flurthér novenent of the rotor by substantially (the term
"substantially" is 5 inserted in order to take account of the cases of
dif- ferent pole pitches of stator and rotor) one rotor pole pitch, the
next-. magnetic circuit relative posi- tion is reached. This so-called

one- phase design has in particular the advantage that the arrangenent of 10
t he current conductors or coils on thebstator is easi er and especi ally

that so-calle ndi s With crossi.ng current voi ded;
the pro- vi S|’g’ﬁm% 5 STRTOY hBOTFr S ¢ gﬁ'guglpg Oéo?‘ﬁ y easi er
as regards asélerrbd:'gzloheo@oﬁ:'ela!jlvlaemmntprqﬁ estdtgr hasdonetorw Adur
stator poles SBER Y h@éﬁaﬁ@é“ & i CaBbnC rthd£NEbYenehteSss PR Ng to

the rotor | engt EOSSI urthernore to provijde the conductor
Wi ring on thef@EarorPy nsybshantiahh¥r (Hthe rerdan"$bsFarttLI¥'bmiseries

connect ison tOlﬁQéﬂ'Eé&' ifoBpaeti ea f8”eVh6eovfitsasf theschkew @gsaqfi-te a
nunber of pos

lit f h t he 25
frequency takgﬁrﬁﬂ :Hﬁ’llte%egﬂ?gﬁs r% gf’gf’gr S%Z:‘io?&:&mgo%%étﬁ@ of'i'vgntlon
The current cpoﬂiactpmts:hpre&tmahé:;tcmaghetabor¢1rmuturékdtive posldi-ng. 30
Preferably, t@f e%.léé’&egi eCHh P! 6o Watl(ilédné%ﬂn%iﬂfa%@rdggg hohladgng a

drive el ectrofot i t1onal “el ect T oni or preventing an

xcessi ve di fiar -Paéritl@lﬁ@tm/e‘éhet rRavantage ckbati fhesparrangenppt wofel 35

driven fay thetpartégrtént o lditiy 2d tBe180oVbRg emeedsaftdhe jwehi cl e.

articular by, limting the
&D P aéler, <¥ especially that so-called w1nd1ng heads

with crossing current conductors are avoided; the pro-
vision of the stator with the current conductors is
thereby easier as regards assembly thereof.
15 S '
The. 'staf.or preferably has one to four stator poles
, more or less than the rotor over a length corres-
-/ ponding to the rotor length.

- 20 'It is p0551ble furthermore to provide the conductor
erlng on the stator in such a manner that it can be
\,) -altered from series connection to parallel connection
and vice versa. This provides quite a number of possi-
bilities of influencing the speed, the power and the
25 frequency taken-out in the drive or generator accor-

ding to the invention.

The current conductors preferably can be short-
‘circuited for braking.
30 .
Preferably, the respective electronic switching means
for controlling a drive electromotor has an additional
electronic means for preventing an excessive differ-
ence between the circumferential speed of the wheel
35 driven by the particular electromotor and the moving
~speed of the vehicle. In particular by limiting the



-7- gircunferential speed of the drive wheel it is possible thereby to
prevent spinning of the drive wheels in electronic manner or to achi eve an

effect simlar to a differential |ock also for several drive 5 wheel s of
one axle. Multi-wheel drive or all-wheel drive can be realized in sinplest
manner in the invention. 10 As regards drive, torque, speed and the

like, the drive or generator according to the invention allows good
regulation within wi de ranges with conpara’tlvel y little expenditure. 15
The rotationalg ﬁp&; o f Wi el ke PO ch is
t hen stored nechanic ][s&%gg$ot %—Betglaongg er?tg:é (ﬁ%{% el ecterl ca e\rll\glrsgy can
be wit hdr awn fPQﬁﬁ%bﬂeerdﬂbﬁﬂ%I t&epgwsn‘érammmbnm hsddgendEiye t he

el ectroni c CORji&d1st HAr Celsctrdriid Ymﬁhﬁééo'ﬁrastgoachlbeﬁargﬁ bligesurpl i ed
and wi thdrawn current | ntensjt) and fr quen The expression_"drive or

generat or" wasSHMEE uE8d3n Q &Pxr FE¥eF b c A dNewas i n
the 25 5 foregieels. ofhd:oﬁelsxletended to errpha5| ze that drives may al so be
provided with a possibility of switching over to generator function for the:
pur pose of braking. The invention preferably makes use of highly coercive
30 per manerfukegridheebf daivel emenalbfwhéeel gAvipeofcarhebe areaddzeds,

particularly Sfr'iméiﬂn'ﬁieéedmﬁﬂﬁéftlnsl:'ﬁg fopermt the provision of
relatively large gap wdths. Mreover, they distinguish thensel ves by a
viypual 'y straight characteristic line in the fourth 35 quadrant, so

that thay are A€l aldgeatds | AdR@),t i téré@e, spkedja@ndl dtle chiailges amé
Qgp03|ng fla(ﬁkiégro%m%égg¥%tor according to the invention allows
good regulation within wide ranges with comparatlvely

little expenditure.

15 = The rotational energy"storage can be fed with electri-
cal power which is then stored mechanically as rota-
tional energy, and electrical energy can be withdrawn

-/ from the rotational energy storage. As a consequence
of the electronic control, there is largely freedom as
20 regards . the supplied and withdrawn current intensity
_ and frequency.
U/

The expression "drive or generator" was often used
hereinbefore also when the drive function was in the
25 foreground. This is intended to emphasize that drives
may also be provided with a possibility of switching
over to generator function for the purpose of braking.

The invention preferably makes use of highly coercive
30 permanent magnets of an element of the group of the
rare earths, particularly samarium, and cobalt. Such
magnets permit the provision of relatively large gap
‘widths. Moreover, :they distinguish themselves by a
virtually straight characteristic line in the fourth
35 quadrant, so that they are relatively insensitive to



due to el ectromagnets. It is pointed out that the at |east one drive
electro- 5 ° nmotor provided in the vehicle according to the inven- tion
need not necessarily be integrated in a vehicle wheel as elucidated in a
foll ow ng enbodi nent. Rather, the drive el ectronotor may al so be di sposed
I n uswal manner beside the respective vehicle wheel. 10 The invention wll
now be elucidated in nore detail on the basis of enbodi ments shown
schematically in the drawings in which ¥$- Figs. 1 to 4 show enbodi nents

of rotational drives. Qr gener rs. idl rating .several i n-
figuration posgPBiﬁ$¥ﬁ%§;§€?ﬁgé§ and éﬁ%ﬁging E%%%?éﬁrf€§r§P%§anFﬁ a

vehi cle 20 due to electwbmapnetsg. 6 shows a vertical axial
sectional view of a flywheel storage; 25 Fig. 7 shows a
cross-sectional view of a rotary drive or generator. Figs. 1 to 4 show sone
basi ¢ confi gur &Fi dfsPeintedapPtdthatsthe anéP&FGr§n$ fxdyedied§ctdorne
principl & of 3flotort Beovideat iidn thehevdltidldf a€86hd thdVeoothaeigranesr 4
shown on the r%ght-han side in these.figures, H§ rota-. tably su po&?ed by
bearings 50 and*PBr MEEhd' ot BFCIPSADLLAI EeparttedRust ¥hp di"r‘?&’n" €
accordi ng to Fwheel, ashelnctidatpdr inoa fodlewing smbeddmendl. Rathershaped,
35 w th the_ inney..circ hayl ngs aen nets 30
of alternati ngtgt%l 3ri]tq’lf ﬂq%ﬁ@# ﬁgg %;i%eo[?éénn(?ﬁggému argﬁnglr?ﬁ%% ‘The
st@tor 2 has t manogxpbeside Shenrespestive Nebifdeawhesdll ar structure on
itS outefgcircunference, with the individual |anellae

I

The invention will now be elucidated in more detail on
the basis of embodiments shown schematically in the
drawings in which

15 'Figs. 1 to 4show embodiments of rotational drives or
generators illustrating several basic con-
figuration possibilities;

Fig. 5 " shows a drive integrated in a vehicle
20 wheel;
k,/ Fig. 6 shows a vertical axial sectional view of a

flywheel storage;

25 Fig. 7 shows ‘a cross—-sectional view of a rotary
" drive or generator.

Figs. 1 to 4 show some basic configurations of rotary
drives or generators 4 according to the principle of

30 the invention. The part of each drive or generator 4
shown on the right-hand side in these figures is rota-

tably supported by bearings 50 and forms the rotor or

. movable part. In the embodiment according to Fig. 1,

the rotor portion proper is substantially cup-shaped,

35 with the inner circumference of the cup having perma-
nent magnets 30 of alternating polarity distributed



bei ng axially packed against each other. The stator 2 5 carries on its
outer circunference axially extendi ng current conductors, not shown in the
drawi ngs, in-a suitable pitch. The portion of the rotor 32 having the

per manent magnets 30 secured thereto consists of fer- romagnetic material
SO a3 to provide a return path. 10 The current conductors may be placed
for exanple in axially extending grooves,of the stator. The stator 2
carries on its outer circunference a Ha'I?'probe or several annularly

di stributed Hﬁhler bRPe% ?no O?t.i. g &%FO{'hs RAEMRRN s et s 30.

As soon as it IS etecte e 5| robes that a part on the
rotor side an@faapfaunyen H’é’]élted-”t 6’(3"5‘1% aofla@wé.l@r shricuns et ies

circuits are bﬁ@:%&'eddl&chn{irelr\é@rdﬂfe@hlﬁhe @hed € iR ecxan(@u&éatlve

th t t | th | t
(F:)Sflrent condut’ g &exc rren &ﬁ‘Fgu%g%{‘?%l %%‘I’h@g]ﬁﬁ'c’ltls?g‘ley L{'}ﬁ' tched
on aut orat i cakbyriése mauts routermmayibeusferamesl axitdlyl é}ytemﬂelmg ngle 25
Sl LoN N AR eriBYeBiallLAET HBLC SENA Anothe l4ONPLEACY, Y10 @
uc stitu

swi t chi ng nmeans current con air or col ing the

lower linit csvdteble pdihahon Then@cxrtipp 1o ;tmm,tanf B2 H@VIT& theres of

the el ectroni ,e%'&h%@it Ciﬁa°q?ﬂé’t§§d3d) NstBhSedOtherak8! conkligts Wy ﬁé@ﬂd' ment
according to Fi 2 ffers fror’rlthe errbodl ment gccordin to F| 1in

that the stat 5PUBGRETHIF MapeElr 58 A% yEQ PRAYIOR 3 REEHPHERent 35
magnet s10 30 Thel echrrentt @cndacto®somay nbecqna-asiaampeﬁbframmpmdlnl n

el 3 o sty i, o, s R 11RO
gap to _
The stator 2 carries on its outer circumference a Hall
probe or several annularly distributed Hall probes 38
15 cooperating with the permanent magnets 30. As soon as
it is detected on the side of the Hall probes that a
_. part on the rotor side and a part on the stator side
~/ | of one or several magnetic circuits are located in a
drive-effective or generator—-effective relative posi-
20 tion, the current conductor or coil of this circuit or
_ the curfent conductors or coils of these cifcuits,
(v/ respectiveiy, are switched on automatically.

The stator ring may be switched in total by one single
25 switching means or may be divided into several sec-

tions each having a switching means, with one current

‘conductor pair or coil constituting the lower 1limit

case of a section. There may be provided further fea-

tures of the electronic control disclosed in this
30 application.

The embodiment according to Fig. 2 differs from the
embodiment according to Fig. 1 in that the stator
portion disposed radially within the ring of permanent
35 magnets 30 projects into the rotor in cup-shaped
manner and in that, radially within this stator



the:stator ring. In this manner the part of the nmagne- tic circuits that
was previously taken by the stator 2 5 has been displaced primarily to
the annul ar projection 52 rotating at the sanme speed as the pernanent
magnets 30. The eddy current losses can be reduced thereby. The stator
porti.on |located radially between the perma- nent nmagnets 30 and the annul ar
projection 52 can al so 10 be designed in the formof so-called air
current con- ductors or air coils or inlPhe formof current con- ductors or
coi |l s whose i Lce AN ] C ' C . e pe
descri bed herg%%%%§g!e?h?%gs&%hbggxgﬁ%grgphgikPﬁ%rbgﬁgﬁggg%ggu% aé%i

| ocated 15 tbe resosut3e 9 rasinter deeveafdash a heligheratrr ga terence
are left freeenlhgeqeBediringl FRCUHAsNGhahPe Ehed gi'rftf ofS tfhreo'ﬂatd}f’e-
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possi bl e, as casting compound of the type described hereinbefore,
'in such a manner that the conductor surfaces located
15  on the outer circumference and on the inner circum-

ference are left free.

— The embodiment according to Fig. 3 differs from the
embodiment according to Fig. 1 in that the rotor 32 is

20 - designed as a disc-and that the permanent magnets are
arranged in annularly distributed manner on the axial

k) face side of the disc facing away from the bearings

50. The stator 2 is also disc-shaped and carries the
lamella pack and the not shown current conductors on

25 its face side facing the rotor 32. The individual cir-
cumferentially extending lamellae of the lamella pack
are provided radially adjacent each other.

The embodiment according to Fig. 4 differs from the
30 " embodiment according to Fig. 3 in that the rotor 32
comprisés two discs which are connected to each other
on the outef circumference and between which the sta-
tor is disposed which is designed as a disc. On the
. disc of the rotor 32 facing away from the bearings 50,
35 it is possible either to provide a concomitantly rota-
ting magnetic return path according to the principle




shown in-the drawing, to arrange there a nunber of annularly distributed
per manent magnets 30 on the face side. In the latter case, the stator disc
thus co- 5 operates on both face sides with pernmanent nagnets 30, so
that a conpensation of the axially acting magnetic forces of attraction
resutts. The enbodi nent according to Fig. 4 may be extended by the addition
of further stator discs and rotor discs. The stator portion 10 bet ween
the two rotor discs provided with pernﬁﬂéﬁt magnets 30 may be realized, as
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ductors or air coils or with conductors or coils

. filled with casting compound. |
15 _ _
In the embodimeni:s according to Figs. 1 to 4, the

. centre~to-centre spacings of the current conductors of

(O the stator 2 and, respectively, the centre-to-centre

' spacings of the permanent magnets 30 are substantially
20 ‘matched to each other, each in circumferential direc-
tion, for ensuring the drive or generator function,

\_/ respectively.

The embodiment according to Fig. 5 shows the wheel rim
25 56 of a motor vehicle equipped with a tyre 54. The
wheel rim 56 is threadedly attached to the face side
of a wheel hub 58. Die hub 58 is supported on a hollow
axle stub 62 with the aid of two rolling bearings 60.
The hub 58 may also be provided in the form of a brake
30 drum. '

The wheel rim 56 has on the whole an approx. dish- or
bowl-shaped configuration, with the edge of the dish
extending, over a width of several centimetres, appro-
35 ‘ximately axially parallel to the axis of rotation of
the wheel rim 56. At said edge, a number of permanent



-12 % magnets 30 is disposed along the inner circunference in annularly

di stributed nmanner. A substantially disc- shaped stator 2 is threadedly
attached to the free face side of the axle stub 62, said stator 2 being 5
axi ally expanded at the outer circunference and being of |anellar structure

as described in nore detail in conjunction with the enbodi ment according to
Fig. 1. Adrive 4 or a generator operatiye duri ng braking of the vehicle is
thus fornmed in this constructionally extlle- 1 nmely sinpl'e manner. The
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portion 82 exltaﬁﬁqitqgngﬂt WBhALY of the features disclosed in this
application. The switching means 40 is secured to the
15  outer face side of :t.he stator disc 2. Current supply
.takes place through the hollow axle stub 62. The as
) such open, outwardly directed face side of the wheel
% : rim 56 is closed by a wheel cap 46. By removal of the
wheel cap 46, the entire drive or generator, in parti-
20  cular the switching means 40, is easily accessible for
maintenance work. |

Fig. 6 shows a rotational energy storage 6 having a
vertical axle 66, with a flywheel 68 being adapted to

25 rotate together therewith. The flywheel is disposed in
an evacuated pressure-proof casing 70. The casing 70
consists of a pot- or cup-shaped bottom part 72 and a
cover-like top part 74 threaded to the bottom part 72
in sealed manner. The vertical axle 66 is supported

30 both in the bottom part 72 and in the top part 74 with
-the aid of roller bearings 76 which in turn are re-
ceived in the respective casing part via resilient
intermediate layers .78.

35 The flywheel 68 comprises a hub 80 connected to the
axle 66, a disc-like portion 82 extending outwardly



-13 :, therefrom as well as an axially enlarged flywheel mass portion 84.
The flywheel nmass 84 expediently con- sists of a specifically heavy
material, for exanple steel, with wi ndings of steel ropes with plastics 5
filling being conceivable as well. As regards the re- mainder of the
flywheel 68, it is possible to use, apart fromnetal, also plastics
materials, in particu- lar fibre-reinforced plastics materials, for exanple
plastics materials reinforced by glass fibres, carbon 10 fibres and the
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Fig.- 2, however with a vertical axis of rotation. The el ectronic control
t.akes place inThéedisonporaionss2 cahrrdiedatard its nose dibdai b Bingageof the
embodi ment " of ferromagnetic material. The inner circumference of
the ring 86 has a number of permanent magnets 30 of
15 -alternating polarity distributed thereon in annular
manner. The permanent magnets 30 thus are pressed
! against the ring 86 by the centrifugal force. Radially
— : within the permanent magnets 30 and so as to leave
free an annular gap, a ring of vertical air current
20 ' conductors 10 or air coils or of conductors or coils
filled with 'casting"compound as described hereinbe-
W, fore, projects downwardly from the cover top part 74.
These constitute the functional part of the stator 2.
The coils each have two vertical branches intercon-
25 nected by horizontal branches curved substantially in
annular manner. Radially inwardly of the ring of cur-
rent conductors 10 or coils, a return path ring 88 is
"supported by the disc portion 82 so as to leave free
an annular gap to said current conductors 10. A drive
30 and generator is formed in this manner which in prin-
ciple has the construction of the embodiment according
to Fig. 2, however with a vertical axis of rotation.

The electronic control takes place in the manner as
35 elucidated in more detail by way of the embodiment



-14.- according to Fig. 1 and may conprise further features disclosed in
the present application. It is possible to provide so-to-speak two.

el ectronic 5 controls, nanely one for the "drive function" = speed

i ncrease of the flywheel 68 by supplying electrical energy thereto, and one
for the "generator function" = speed decrease of the flywheel 68 by renoval
of elec- trical energy. It is thus possible to supply electri- 10 cal

energy in synchronismwth the respectréé'speed of the flywheel 68 and to
wi thdraw fro I or ag t Ll . ene agf cy which
I S not necess%‘}lg??&&l‘%&g_ggi fé re g%r?%ﬁl%ﬁ %%@%h%gff%t%ge?eéggg%g
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wi t hdraw the electrical energy at the particul ar frequency present at that
time, without_electronic, control, and to rectify for exanple the
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conduct ors i nshonageers selestricadr emergy far hi Freguemqmncviichi nisorder to
not nécessarily in a fixed relationship to the fly-
wheel speed. However, for many purposes it may also be

15 sufficient to simply withdraw the electrical energy at
the particular frequency present at that time, without .
electronic control, and to rectify for example the

% alternating current delivered. The design preferably
is such that the stator 2 contains two separate cur-

20 - rent conductor systems, namely one for current supply

' ' and one for current Withdrawal. With such a design, it
kw/ is possible to simultaneously supply electrical energy
to the flywheel storage 6 and to withdraw electrical
energy therefrom, in which the frequencies of the

25 supply current and the withdrawal current may be dif-
ferent from each other. Moreover, it is possible to
purposefully design the current conductor systems for
the supply and withdrawal functions, for example espe-
cially low-ohmic withdrawal windings for a brief with-

30 drawal of currents with high current intensity. 1In
case of high speeds of the flywheel 68, it is advi-
sable to provide the current conductors in a manner so
as to be suited for high frequencies, in order to
avoid a skin effect.

35



avoid a skin effect. 35 - 15 - The vertical support of the flywheel 68

I s made by neans of repul sive pernmanent magnets. To this end, a plurality
of permanent magnets 90 is di sposed on the floor of the casing bottom part
72 in annularly dis- 5 tributed manner. Opposite these permanent nagnets
90, there is a plurality of annularly distributed perna- nent magnets 92 on
the I ower face of hub 80. It is also possible to support the weight of the
flywheel 68 by attracting permanent nagﬁé§§. It is possible to 10
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\ngi de of  the stator. Lhi ' . .

. . Cessloh balance with respect to the precession of the
rotation of the earth. Instead of the radial support
by means of rolling bearings, it is also possible to
provide a support with the aid of electromagnets which

15 are variable in their magnetic force.

The radial support is preferably made in supercritical
N\ ' manner as regards possible radial oscillations.

20 It is possible to design the axle 66 as a hollow axle
‘and to provide therethrough a pressure support between
\_/ the casing bottom part 72 and the casing top part 74.

In particular when the flywheel 68 is of 1less axial
25 height than depicted in Fig. 6, the casing bottom part
72 and the casing.top part 74 may be constituted by
comparatively inexpensive round members from the field
of autoclave construction, having a substantially
dish-shaped configuration.
30 ,
Fig. 7 shows a rotary drive 4 constructed according to
the basic principle described in Fig. 1, but having
the rotor disposed radially inside of the stator. The
altogether cylindrical stator 2 consists of an axially
35 assembled pack of - roughly speaking - annular sheets
.of ferromagnetic material. The stator 2 has inwardly



altogether cylindrical stator 2 consists of an axially 35 assenbl
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i nwar dl y -16- projecting stator teeth 3 distributed
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'.become clearer in the following, the mutually identi-

cal distances betweén the stator teeth 3, as measured:

from centre to centre in circumferential direction,

‘are smaller than the analogously measured centre-to-

centre distances between the permanent magnets 30 in

such a manner that there are provided one or two pole

teeth 3 more than permanent magnets 30.

On each pole tooth 3 there is provided a Hall probe 38
which is response to the permanent magnets 30, both to
north poles and to south poles. When the Hall probe 38
detects a drive-effective relative position between a
permanent magnet 30 and the stator tooth 3 associated
with this Hall probe 38, one, two or all three coils
10 of this stator tooth 3 are switched on. The
switching means indicated by reference numeral 40 may
operate, for example, in accordance with the prin-
ciples as elucidated in more detail in a ;Sreceding
embodiment, however, modified to one-phase design,
which even simplifies the construction. However, what
is novel in the present embodiment is that it is
possible with the aid of a control member 114 to exert



ciples as elucidated in nore detail in a precedi ng enbodi nent, however,
nmodi fied td one-phase design, which even sinplifies the construction.
However, what 35 is novel in the present enbodinent is that it is
possible with the aid of a control nmenber 114 to exert -17 - influence
as to whether all three coils 10 of the sta- tor tooth 3 concerned are
switched on or only two coils 10 or only one coil 10. When a high torque is
demanded fromthe notor 4, all three coilfs 10 are 5 swi tched on, and

with a |lower {orgue demand, fewer, coils.10,are sw t.ched.on. trol unit
114 may addi t $BRARPYCHADE Fﬂex’\gﬁﬁﬁﬁfoﬁlift £Ec Chg =t Ch{g f’r?d}’?‘ Eévi%g'%al coils
10 of each staber tasith 3 fcamcermed alarel swihebedoren oox semlgs two
connectl on, %8531&' 9% V¥ S8n190one HUS €24, 2 gnb% h{gst edrblet ia

possibility of Sifrul’™= taneous’  swtching several coils at . different circum
ferential | odempoded fromethe HeRteEr dmafidr thige Sodilss T¥n@E&ion is

recomendabl et tbAWaSPeRd 3 his@int 04 Juewernd tbigupar@éh®hd c@ewet i on is
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power, which pr.aduces t.he vant | LALr cﬂﬁt ryeyoart of
t he specifi cat F‘%H.‘ﬁo?"tlﬁ‘g g‘t(ahS% %%%gl %%ﬁdgdsl %&#@y%%ﬁ gérzt poﬁqe%p]itch of
stator 2 and conmectiopr otedes sheiedvarenrRchioraf @nsk aVifAg,VaRfid uniform
mtor i) andne i LAey kardidacted Nh dhe pdBl iR POIdsndl- of  each
'%yator oot h are swtched on wth differing”™ current  "directions,
épendi ng ontamecher SWHehingoPeverad stidshcdt Addheredy Jrinfum=
' ' ferential locations, as described hereinafter. The
series connection is recommendable at low speed and
high torque, and the parallel connection is recommen-—

15 dable at high speed and low torque.

" To switch on each coil 10 of each stator tooth 3 via a
separate switching means 40 may be performed on the
' - one hand for the reason of reducing the switching
20 power, which produces the advantages described in the
.introductory part of the specification. On the other
\/ hand, the slightly different pole pitch of stator 2
and rotor 32 provides the advantage of safe starting,
more uniform motor run and more uniform loading -of the

25 mains.

‘The coils 10 of each stator tooth 3 are switched on
with differing current directions, depending on
whether a north pole of a permanent magnet 30 or a

.30 south pole of a pei'manent magnet 30 is located oppo-
site the stator tooth 3. This is controlled by the
switching means 40. |

In practical operation there are always coils 10 of
35 several adjacent stator teeth 3 switched on. When the
pole pitch difference between stator 2 and rotor 32 is



30 - south pole of a permanent nmagnet 30 is | ocated oppo- site the stator
tooth 3. This is controlled by the switching nmeans 40. In practical

operation there are always coils 10 of 35 several adjacent stator teeth
3 switched on. When the pole pitch difference between stator 2 and rotor 32
is ' -18- relatively small, even coils 10 of alnost all stator teeth are

switched on sinultaneously. The coils of _circunferentially adjacent stator
teeth 3 are acted upon with different cdfrent di rections, as indicated 5

in Fig. 7. 1 nféf§8§@mgg' %%tllaPC&% NGoifs Fhl: of difosO- 521! &ty phase
design is realrized: ntwo dircunferen- tially adjacent perpanent nagnets
30 are | ocat ebegbho-ane® swidiched: wenstsimyltageonsdy .t hEhe jgohbsf @f her
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c

stator 2, on WAPBh % BB FREESPE SRneE 1P oS pHRECAted woul d
cross 1§ caseinf Fagoul7ti - phase design. Rather, the coils 10 of nutually
al i ke design can sinply be placed onto the stator teeth 3. However, it is
al so possible to nodify the enbodi nent according to Fig. 7 towards a

mul ti - phase d&Bi (e 2Zembodinentroaccordpngstor diar.erite themspeaad kdte f act

that the enboghgephagecielih ! 1| foaYife: AfBndorwddidiretnisddie of f ect

that there is no_radially stacked pack of several coils 10 provided for
each 25 st §isll¥oafdasentyPersangpinprenshey 38nar&oilircpd-ednRRP o

stator foeet h giwer avwdastREsFaRGREhTEYethep edsanty PEaytHed afiaisse t he
@rcu.m‘ erencetog%hi c1§aen€ween these two stator teeth 3. Due to the |
one-phase design there are no so-called winding heads
‘present on the axial face sides of the stator 2, on
which the current conductors of the various phases
15 would cross in case of a multi-phase design. Rather,
the c¢oils 10 of mutually alike design can simply be
. placed onto the stator teeth 3. However, it is also
— possible to modify the embodiment according to Fig. 7
towards a multi-phase design. '
20 ', | '
Furthermore, express reference is made to the fact
k/ that the embodiment according to fig. 7 may also be
modified to the effect that there is no radially
stacked pack of Several coils 10 provided for each
25 stator tooth 3, but for example only one coil 10.

When two stator teeth 3 more than permanent magnet
'poles are provided across the circumference, an iden-
tical relative position of permanent magnet poles and

30 stator tooth poles always occurs simultaneously at two
locations on the circumference of the motor 4. The
coils of these two locations may be switched simul-
taneously by one single switching means 40. The same
applies analogously for greater differences in the

35 number of the stator teeth 3 and the permanent magnets
30.



tical .relative position of pernmanent nmagnet poles and 30 stator tooth
pol es al ways occurs sinultaneously at two | ocations on the circunference of
the notor 4. The coils of these two | ocations may be swtched simnul -
taneously by one single switching neans 40. The same applies anal ogously
for grieater differences in the 35 nunber of the stator teeth 3 and the
per menent magnets 30. - 19 - Instead of one single Hall probe 38 that is
responsive both to magnetic north poles alli-to magnetic south poles, it is
al so possible to provide two Hall probes 5 axi al Iy beside one anot her,
wi th one thereof being responsive to north poles only and the other one

bei ng responsiv@nstaaﬂnnﬁ1qnﬂeﬁimgﬂq.ﬁahb enbbei 3@ nthat cbs dregponskve. 7
may al so be mdigerdOto 1fd t B rehf egalééafaﬁet&%{ag%gﬁlamgasﬁ

are nounted on the inner circunference o substanti al ylindrica
casi ng-1i ke parRokefy tHe é’éaﬁéFOt Pesriblen thPranide we iRb} cREGPEE o

part rotasing ifgidiE1y hoetdde Senéhaindtifers! akatn2 émé att@&f\%f‘ epkRfigr ot or
15 32 is statumuﬂ%% q%s has |nde§d ac rtala ﬁésadvan- age that t he
supply or wit hrERRIDDIVR IR PO RALPYy© otBer gnfr BRiRY
rotating. part, respapeicte s ysodthwgweles oonline ot her hand, the attachnent
of the permanent nmagnets 30 is no | onger subject to 20 the centri fugal
force, which constitutes a quite con- siderable advantage especially wth

| arger per manerfheragnbediment Faccpedibge ta heigi r 7gmpYbalisenbe hrogar-

maneént mygnet s §Pe<§”€ot RRePUfFHtCaNLE thE Petr@hehtCithghdts ST0f hed

faryher outwardl mnth a given 25 outer dianmeter of the aggaratus si nce
t he permanent ted 3pnnERE AzgeX) |Giyunfenence (¢f A fRLStapLLiazly :

cylindrical casing-like part and the stator teeth 3 on
the outer circumference of a part rotating inéide
_ thereof, so that the stator 2 rotates while the rotor
15 32 is stationary. This has indeed a certain disadvan-
' tage"that the supply or withdrawal of electrical
energy must be made to and from a rotating part, re-

— spectively. However, on the other hand, the attachment
. of the permanent magnets 30 is no longer subject to

20 - the centrifugal force, which constitutes a quite con-

_ | siderable advantage especially with larger permanent
% magnets 30. Furthérmore, the air gap between the per-

manent magnets 30 and the pole areas of the stator
teeth 3 1is shifted further outwardly with a given

25 . outer diameter of the apparatus, since the permanent
magnets 30 need radially less space than the stator 2.
Due to the fact that the magnetic circumferential
force acts on a larger radius, a higher torque of the
motor 4 is thus created.

30



Due tp the fact that the nmagnetic circunferential force acts on a |arger
radi us, a higher torque of the notor 4 is thus created. 30 -20- 5
Patent Clains 1. A vehicle conprising - an internal conbustion engine; -
generator (4) adapted to be driven by the 10 |ntern
conbustion engine; - at |east one drive electronmotor ( I!HMJ mﬂ! J!I
rotational energy storage (6) for coverln peak require : ed
in 15 a) that the rotational gy storage (6) is con- structed
such that its speed can be increased by supply of electrical energy and
decreased by wi thdrawal of electrical energy; b) that the rotational
energy storage (6) is 20 electrically connected to the
generator (4) and the at |east one drive electronmotor (4); and in c) that
the drive electronotor (4) and/or the rotational energy storage (6) each
conprises: 25 - a stator (2) provided with current con-
ductors (50) and a rotor (32) provi gadentt laemganent nmagnets (30), said
stator and said rotor being disposed with a gap distance therebetween, 30
- at | east one sensor (38) provided on the stator (2) and detecting the

rel ative po- siltd orAoveBialerce®yrisingotor (32), - an el ectronic swtching
-means (40) which  _ a5 internal combustion engine;
U - a generator (4) adapted to be driven by the
10 _ internal combustion engine;
kvj ' - at least one drive electromotor (4); and
- a rotational energy storage (6) for covering
peak requirements,
character;zed.ln .
15 | a) that the rotational energy storage (6) is con-
'stfucted such that its speed can be increased
. by Supply of electrical energy and decreased
A by withdrawal of electrical energy;

b) that the rotational energy storage (6) is
20 - electrically connected to the generator (4)
. - and the at ieast one drive electromotor (4);
Y and in
c) that the drive electromotor (4) and/or the
rotational energy storage (6) each comprises:
25‘ - a stator (2) provided with current con-
ductors (10) and a rotor (32) provided
with permanent magnets (30}, said stator
and said rotor being disposed with a gap
distance therebetween,
30 - at least one sensor (38) provided on the
stator (2) and detecting the relative po-
sition of stator (2) and rotor (32),
- an electronic switching means (40) which
is controlled by the sensor (38) and which
35 . in a drive-effective or generator-effec-
. tive relative position of stator (2) and



I's controlled by the sensor (38) and which 35 in a
drive-effective or generator-effec- tive relative pasition of stator (2)
and -21 - rotor (32) establishes an electrical con: ' t he
current conductors (10) and a current source or curreHl@’}lhEﬂl'ﬁ%ﬁiﬂvely.
5 2. Avehicle according to claim1, characterized in A A of

the rotor (32), to which the sensor (38) is responsive, isS inc'IqabIe W th

respect to the permanent magnets 10 -21- (30) or the sensor (38) is

slidable with respect to t t (2)od Lregti relative
novenent of said stator (2?%52’?5@’:%? r%?%%bj(g%'.gé&gﬁ Xqvg%%c cglac%:%lr?di ng to
claim1 or 2, 15 chaegtion z agtweearhatthehe et ( IBPNducterensor

(38) responsive to control (RINQINA GORAIrrdHte bdirdd oG SHA0et S
(30) or by specific per- nmanent ntgg( eifys di sposed on the slidable portion.

n
20 4. A vehicle accor dFfFPEEEANP'dte of the preceding clains,
charactergzed in that the switching neans (40) is a power control neans for

controlling the electri.-. cal wer . su 'e?d]lt t{;e current conductors (10)
25 ' or %i’th m%?ﬁ?eﬁ)%orﬁdg}é)%é/e |%33% ‘ccording to claim4,
characterized in thchatdeteoiwed cdm rthatedhe | portpohsefinv the cosen|
circuit, a phase -copd4ol €5 yn3h the Lt @Bgh NGer pedh s JlPckigireuit
or a direct convert(egr.)c'i rcuit. 6. A ve ﬁ%e agco?di ng t-oﬁgny one of the
prggﬁding ‘slidable with respect to the permanent’ magnets
) 10 (30) or the sensor (38) is slidable with respect

to the stator (2) in the direction of relative

movement of said stator (2) and said rotor (32).

3. A vehicle accofding to. claim 1 or 2,
15 N characterized in that the sensor (38) is a sensor
(38) responsive to control magnets constituted by
the permanent magnets (30) or by specific per-

N\ manent magnets disposed on the slidable portion.
20 4, A vehicle'aqcording to any one of the preceding
claims, '
W/ characterized in that the switching means (40) is

a power control means for controlling the electri-
cal power supplied to the current conductors (10)
25 - or withdrawn therefrom.

5. A vehicle according to claim 4,
characterized in that the power control means is a
pulse width control circuit, a phase control cir-
30 cuit, an intermediate clock circuit_or a direct-
converter circuit.

6. A vehicle according to any one of the preceding
claims, _ ' '
35 characterized in that an electronic speed limiting
circuit is provided.



clainsz 35

precedi ng cl ai ns,

into a pl

clainms, 10

urality

characterized in that an electronic speed limting
circuit i's provided.

22 - 7. A vehicle according to one of the

characterized in that the stator (2) is divided 5

of sections each having aswitchi,@,"ﬂﬂ"jlﬂﬂﬂ“"m,
associated therewith. 8 A vehicle according to any one cle ] sus si

characterized in that the current conductor wiring tan be
altered fromseries connection to parall el22connecti on and vice versa. 9.

vehi cl e according to any one of the preceding 15 cl ai s,

characterized in that the current conductors (10) can be short-circuited

for braking. 107 A vehiyehécieCacdording ay 8A¢ Und herprIeedhréce®ing

clainms, characterized in that the generator (4) has a rotor (32) equipped
MB0) di sposed preferably on the flywheel of the
conbust i ccharagtterizéd 1in Ahathi the atadrati n@2) o imnydiwided t he
| ai ms, c teriz ' t e ' ect t angd/ or
- P Chedbr B EF o P BEEKIoRST P Hay il TS
12. A vehicl e accor dswgtehirgymeans of4 Qhaspaziated) theremithrhar act eri zed

with pernanent nagnet

i nter- nal
pr ecedi ng
t he generat

or (4)

a

cons

in that the drive electronotor (4) :

% _
10
(O

15
U

20
\/

25

30

35

8.

10.

11.

12.

A vehicle according to any one of the preceding
claims,.
characterized in that the current conductor wiring

can be altered from series connection to parallel

connection and vice versa.

A vehicle according to any one of the preceding
claims, - ' | '

characterized in that the current conductors (10)
can be short-circuited for braking.

A vehicle according to any one of the preceding
claims, o

characterized in that the generator (4) has a
rotor (32) equipped with permanent magnets (30)
disposed preferably on the flywheel of the_inter-
nal combustion engine. '

A vehicle according to any one of the preceding
clains,

characterized in that the drive electromotor (4)
and/or the generator (4) is designed in external
rotor construction.

A vehicle according to any one of the preceding
clainms,

chafacterized in that the drive electromotor (4)
and/or the generator (4) and/or the rotational
energy storage (6) 1is composed with highly

tion.

A



35 ., . and/or the generator (4) and/or the rotati ner st or age
(6) is conposed wth highly -23 - coercive p% of
an element of the group of the rare earths, in parti mﬂﬁ B nﬂ "ﬂ””r

ns,

cobalt. 5 13. A vehicle according to any one of t
characterized in that an electronic neans is pro- vided that S adapt ed to
prevent an excessive dif- ference between the circunferential speed of” the
10 vehi cl e wheel driven by the dri%% el ectronotor (4) and the moving

speed of the vehicle, or.an ex-_cess er e n rot ti o peed
of o drive ol cctORNLTE BAFRORCER, magrstsy (I ot AR it enty of §

vehi cl e accordi ng tthanygoerp ofof hetlpe ecealirag edxths, clmar am:etuzwel;larn t hat
the drive el ectrommlor. L finOPLLh@tESp@Bra generator (4) for braking the ve-

20 : hi cl e.

5 13. A vehicle according to any one of the preceding
claims,
characterized in that an electronic means is pro-
vided that is adapted to prevent an excessive dif-
ference between the circumferential speed of the

. ~ 10 vehicle wheel driven by the drive electromotor (4)
— and the moving speed of the vehicle, or an ex-
cessive difference in rotational speed of two .
drive electfomotors (4) of one axle of the ve-
hicle.
15 | |
14. A vehicle according to any one of the preceding
o claims,
o characterized in that the drive electromotor (4)
_ operates as a generator (4) for braking the ve-
20 hicle. ' | |



